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ORGANOSILICON COMPOUNDS,
PRODUCTION PROCESSES THEREOF,
PRESSURE-SENSITIVE ADHESIVE
COMPOSITIONS CONTAINING THE
ORGANOSILICON COMPOUNDS,

SELF-ADHESIVE POLARIZERS AND LIQUID
CRYSTAL DISPLAYS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional application of U.S. appli-
cation Ser. No. 13/598,909, filed Aug. 30, 2012, pending
which 1s a divisional application of U.S. Application Ser. No.
12/553,601, filed Sep. 3, 2009, now abandoned 1n which this
non-provisional application i1s based upon and claims priority
under 35 U.S.C. §119(a) on Japanese Patent Application No.

2008-227777, filed Sep. 5, 2008, the entire contents of which
are incorporated herein by reference.

TECHNICAL FIELD

This mvention relates to organosilicon compounds, and
more specifically to organosilicon compounds capable of
producing excellent bonding force with hydroxyl-containing
matrix resins owing to the inclusion of two or more functional
groups having coordination property with active hydrogen
atoms 1n hydroxyl groups or the like and hence, significantly
improving the adhesion and rework capability between pres-
sure-sensitive adhesives containing the matrix resins and base
materials. The present invention 1s also concerned with their
production processes, pressure-sensitive adhesive composi-
tions containing the organosilicon compounds, self-adhesive
polarizers having pressure-sensitive adhesive layers formed
from the pressure-sensitive adhesive compositions, and lig-
uid crystal displays including the self-adhesive polarizers.

BACKGROUND ART

A silane coupling agent has two or more different func-
tional groups in 1ts molecule, and acts as a mediator for
jo1mng an organic material and an inorganic material together
although such organic and 1inorganic materials can be hardly
joined together 1n general. One of the functional groups 1s a
hydrolyzable silyl group, and 1n the presence of water, forms
a silanol group. As aresult of areaction with a hydroxyl group
on the surface of an inorganic material, the silanol group
forms a chemical bond with the surface of the mmorganic
material. The other or another functional group 1s an organic
reactive group such as a vinyl, epoxy, amino, (meth)acryl or
mercapto group, which forms a chemical bond with an
organic material such as a synthetic resin. Making use of these
properties, silane coupling agents are widely used as modifi-
ers for organic and inorganic resins, adhesion aids, various
additives and the like.

Among such applications of silane coupling agents, their
application as pressure-sensitive adhesives 1s representative.
For pressure-sensitive adhesives to be used upon bonding
liquid crystal cells and optical films together, for example,
there 1s an outstanding demand for still higher adhesion per-
formance as a result of the move toward greater and wider
liquad crystal displays (LCD).

In the case of LCDs, there 1s an ever-increasing move
toward larger panels, contrary to the early-stage expectation
that a size increase beyond 20 inches would be difficult.
Major manufacturers have heretofore concentrated their
elforts on the manufacture of small panels of 20 inches and
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smaller. Responsive to such a trend 1n recent years, however,
they are now actively mtroducing latest technologies to
expand their product range to larger sizes of 20 inches and
greater.

As mentioned above, there 1s a trend toward larger glass
panels for use 1n combination with various optical films upon
manufacture of liquid crystal display panels. If a defective
product occurs at the time of 1nitial bonding of an optical film
to a liquid crystal cell, the optical film may be removed from
the liquid crystal cell, and then, the liquid crystal cell may be
washed to permit 1ts reuse. 1T a conventional pressure-sensi-
tive adhesive having high adhesiveness 1s used, this high
adhesiveness makes 1t diflicult to remove the optical film
upon its separation due to the high adhesiveness force and
moreover, 1s accompanied by a high potential risk of breaking
the costly liqud cell. As a consequence, the use of such a
conventional pressure-sensitive adhesive leads to a signifi-
cant increase in manufacturing cost.

Keeping in step with the move toward larger LCDs,
attempts have, therefore, been continued to develop high-
function pressure-sensitive adhesives capable of satistying
various adhesion properties such as adhesiveness and rework
capability. For example, Japanese Patent No. 3022993 pro-
poses an epoxysilane-containing, acrylic pressure-sensitive
adhesive composition for the purpose of providing a polarizer
excellent 1n durability under an environment of high tempera-
ture and high humidity.

Further, JP-A 8-104855 proposes a pressure-sensitive
adhesive composition containing an acrylic polymer and a
compound which has a [3-ketoester group and a hydrolyzable
s1lyl group, not only to permit bonding a polarizer on the
surface of a substrate with good adhesive force but also to
permit removing the polarizer from the surface of the sub-
strate as needed without giving damage to the substrate or
allowing the adhesive to remain.

It 1s described that owing to the inclusion of such a silane
compound, the substrate and the polarizer can retain adequate
adhesive force of such a level as required 1n an actual use
environment, the adhesive force does not become excessive
by heating or the like, and the polarizer can be readily
removed without giving damage to the liquid crystal device.

As performance required for a pressure-sensitive adhesive
to support the move toward larger LCDs, 1t 1s necessary not
only to produce low 1nitial adhesive force upon bonding to
glass and to assure excellent rework capability but also to
develop high adhesive force under high temperature and high
humidity. Otherwise, there 1s a potential problem that bub-
bling, separation and/or the like may take place to lower the
durability.

JP-A 8-199144 proposes a technology that incorporates a
curing agent in an acrylic resin which is obtainable by poly-
merizing an acrylic monomer in the presence of a silane
compound to provide a pressure-sensitive adhesive composi-
tion that does not undergo much variations with time 1n cohe-
stve force and adhesive force even under high temperature
and high humidity and is also excellent 1n adhesive force for
curved surfaces.

It 1s described that owing to the incorporation of the silane
compound, the substrate and the polarizer can retain adequate
adhesive force of such a level as required 1n an actual use
environment, the adhesive force does not become excessive
by heating or the like, and the polarizer can be readily
removed without giving damage to the liquid crystal device.

However, a pressure-sensitive adhesive composition 1s
considered to be preferred when 1t 1s high 1n adhesive force,
free from bubbling or separation and excellent 1n durability
rather than when it does not undergo much variations with
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time 1n cohesive force and adhesive force even under high
temperature and high humidity. In other words, it 1s consid-
ered necessary to show adequate mnitial adhesive force of such
a level as permitting removal of a polarizer 1n an 1nitial stage
after 1ts bonding to glass but, as time goes on, to be enhanced
in adhesive force and to retain stabilized adhesive force
because 1t becomes no longer necessary to remove the polar-
1ZE¥.

As a pressure-sensitive adhesive low in mnitial adhesive
force and excellent 1n rework capability, and after bonding,
enhanced in adhesive force under high temperature and high
humidity and excellent 1n durability over long term, JP-T
2008-506028 proposes an acrylic seli-sensitive adhesive
composition containing a silane coupling agent having a ure-
thane functional group and a pyridine functional group.

However, the silane coupling agent 1s obtained by reacting,
an 1socyanatosilane and 2-pyridinol in the presence of a cata-
lyst, and a hydroxyl group of 2-pyridinol non-selectively
reacts to both the 1socyanato group and hydrolyzable silyl
group of the silane. Accordingly, the silane coupling agent
does not have such a single structure as the disclosed silane,
and 1s 1nsuilicient 1n the improvements of various self-adhe-
s10n properties.

Under the foregoing circumstances, 1t has been desired to
develop a pressure-sensitive adhesive which has rework capa-
bility 1n an 1nitial stage and retains high adhesiveness force
under high temperature and high humadity.

CITATION LIST

Patent Document 1: Japanese Patent No. 3022993

Patent Document 2: JP-A 8-104855
Patent Document 3: JP-A 8-199144
Patent Document 4: JP-1T 2008-506028

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
an organosilicon compound capable of affording a pressure-
sensitive adhesive composition which can form a pressure-
sensitive adhesive layer having low itial adhesiveness force
and excellent rework capability upon bonding an optical film
or the like on an adherend such as glass and exhibiting
increased adhesive force with the adherend and excellent
long-term durability under conditions of high temperature or
high temperature and high humidity after the bonding; and a
production process of the organosilicon compound. Another
object of the present invention 1s to provide a pressure-sensi-
tive adhesive composition with such an organosilicon com-
pound incorporated therein, a self-adhesive polarizer having,
a pressure-sensitive adhesive layer formed from the pressure-
sensitive adhesive composition and a liquid crystal display
having the self-adhesive polarizer.

To achieve the above-described objects, the present inven-
tor has enthusiastically conducted investigations. As a result,
it has been found that a pressure-sensitive adhesive compo-
s1tion which satisfies both rework capability 1n an nitial stage
and high adhesiveness force under high temperature or high
temperature and high humidity can be obtained by incorpo-
rating 1 an adhesive composition a silane coupling agent
having two or more functional groups equipped with coordi-
nation property with active hydrogen atoms in hydroxyl
groups or the like and represented by one of the following
formulas (1) to (3), leading to the completion of the present
invention.

The present invention, therefore, provides the following
organosilicon compounds, production processes thereof,
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pressure-sensitive adhesive composition, self-adhesive polar-
izer, and liquid crystal display.

[1] An organosilicon compound represented by the following
formula (1):

(1)
Rl

Rism X N:<

- g | _< 2__n2

Ry —Si—A—N—C— Y —(CHy),—4 [2—R
L1—<

R3

wherein R 1s ahydrolyzable group, R'1s an alkyl group having
1 to 4 carbon atoms, A 1s a linear or branched alkylene group
having 1 to 6 carbon atoms, X 1s an oxygen atom or sulfur
atom, Y is —NH— or a sulfur atom, L' and L* are each
independently a carbon atom or nitrogen atom, R* to R” are
cach independently a hydrogen atom, an alkyl, alkoxy or
fluoroalkyl group having 1 to 6 carbon atoms, or an amino
group, R' and R® or R* and R® may bond together to form a
ring skeleton with the carbon atoms to which they are bonded
and L, m is an integer of 1 to 3, and n is an integer of 0 to 3.

[2] An organosilicon compound represented by the following
formula (2):

(2)
R’ 3-mm

§_ C Z (CHZ)H4</

R, —Si—A
R?

wherein R 1s a hydrolyzable group, R' 1s an alkyl group having
1 to 4 carbon atoms, A 1s a linear or branched alkylene group
having 1 to 6 carbon atoms, X 1s an oxygen atom or sulfur
atom, 7 1s —INH—, an oxygen atom or a sulfur atom, M 1s
— NH—, an oxygen atom or a sulfur atom, R* to R” are each
independently a hydrogen atom, an alkyl, alkoxy or fluoro-
alkyl group having 1 to 6 carbon atoms, or an amino group, R’
and R° may directly bond together to form a double bond
between the carbon atoms to which they are bonded, R* and
R’ may bond together to form an aliphatic or aromatic ring
skeleton together with the carbon atoms to which they are
bonded, m 1s an integer of 1 to 3, and n 1s an integer of 0 to 3.
[3] An organosilicon compound represented by the following

formula (3):

(3)

wherein R 1s a hydrolyzable group, R'1s an alkyl group having
1 to 4 carbon atoms, A 1s a linear or branched alkylene group
having 1 to 6 carbon atoms, X 1s an oxygen atom or sulfur
atom, Z is —NH—, an oxygen atom or a sulfur atom, R® to
R are each independently a hydrogen atom, an alkyl, alkoxy
or fluoroalkyl group having 1 to 6 carbon atoms, or an amino
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group, R” and R'"® may directly bond together to form a
double bond between the carbon atoms to which they are
bonded, R® and R'' may bond together to form an aliphatic or
aromatic ring skeleton together with the carbon atoms to
which they are bonded, m 1s an integer of 1 to 3, and n 1s an
integer of O to 3.

[4] A process for producing the organosilicon compound as
described above [1], which includes reacting an iso(thio)
cyanatosilane, which 1s represented by the following formula

(4):

(4)
R’ 3-m

R,—Si—A—N=(C=X

wherein R 1s a hydrolyzable group, R' 1s an alkyl group having
1 to 4 carbon atoms, A 1s a linear or branched alkylene group
having 1 to 6 carbon atoms, X 1s an oxygen atom or sulfur
atom, and m 1s an integer of 1 to 3, with a heterocyclic
compound represented by the following formula (5):

()
Rl

N%
H—Y—(CHZ)H—<\ [2
L.
~

R3

—TR2

wherein Y is —NH— or a sulfur atom, .} and [.* are each
independently a carbon atom or nitrogen atom, R' to R are
cach independently a hydrogen atom, an alkyl, alkoxy or
fluoroalkyl group having 1 to 6 carbon atoms, or an amino
group, R" and R” or R” and R® may bond together to form a
ring skeleton with the carbon atoms to which they are bonded
and L.*, and n is an integer of O to 3.

[5] A process for producing the organosilicon compound as
described above [2], which includes reacting an iso(thio)
cyanatosilane, which 1s represented by the following formula

(4):

(4)
R’ 3-m

R,—Si—A—N=C=X

wherein R 1s a hydrolyzable group, R' 1s an alkyl group having
1 to 4 carbon atoms, A 1s a linear or branched alkylene group
having 1 to 6 carbon atoms, X 1s an oxygen atom or sulfur
atom, and m 1s an integer of 1 to 3, with a heterocyclic
compound represented by the following formula (6):

(6)

N
H—7Z (CHZ)H4</
M

R?

wherein 7Z 1s —NH-—, an oxygen atom or a sulfur atom, M 1s
— NH—, an oxygen atom or a sulfur atom, R* to R” are each
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independently a hydrogen atom, an alkyl, alkoxy or fluoro-
alkyl group having 1 to 6 carbon atoms, or an amino group, R’
and R° may directly bond together to form a double bond
between the carbon atoms to which they are bonded, R* and
R’ may bond together to form an aliphatic or aromatic ring
skeleton together with the carbon atoms to which they are
bonded, and n 1s an integer of 0 to 3.

[6] A process for producing the organosilicon compound as
described above [3], which includes reacting an 1so(thio)
cyanatosilane represented by the following formula (4):

| @
R 3-m

R,—Si—A—N=C=X

wherein R 1s ahydrolyzable group, R'1s an alkyl group having
1 to 4 carbon atoms, A 1s a linear or branched alkylene group
having 1 to 6 carbon atoms, X 1s an oxygen atom or sulfur
atom, and m 1s an mteger of 1 to 3, with a heterocyclic
compound represented by the following formula (7):

(7)

O RS
R9
H—7—(CH,),—N
Rlﬂ
O R“

wherein Z is —NH—, an oxygen atom or a sulfur atom, R® to
R are each independently a hydrogen atom, an alkyl, alkoxy
or fluoroalkyl group having 1 to 6 carbon atoms, or an amino
group, R” and R'® may directly bond together to form a
double bond between the carbon atoms to which they are
bonded, R® and R'" may directly bond together to form an
aliphatic or aromatic ring skeleton together with the carbon
atoms to which they are bonded, and n 1s an integer of O to 3.
['7] A pressure-sensitive adhesive composition including the
organosilicon compound as described any one of above [1] to
[3].
[8] The pressure-sensitive adhesive composition as described
above [7], including:

(A) 100 parts by weight of a (meth)acrylic copolymer
obtainable by copolymerizing (a) 90 to 99.9 parts by weight
of a (meth)acrylate ester monomer having an alkyl group
having 1 to 12 carbon atoms and (b) 0.1 to 10 parts by weight
of at least one of a vinyl monomer and (meth)acrylic mono-
mer each of which contains a crosslinkable functional group,

(B) 0.01 to 10 parts by weight of a polyfunctional
crosslinking agent, and

(C) 0.01 to 9 parts by weight of organosilicon compounds
as described any one of above [1] to [3].

[9] The pressure-sensitive adhesive composition as described
above [8], wherein at least one of the vinyl monomer and
(meth)acrylic monomer (b) 1s selected from a group consist-
ing of 2-hydroxyethyl (meth)acrylate, 3-hydroxypropyl
(meth)acrylate, 4-hydroxybutyl (meth)acrylate, diethylene
glycol mono(meth)acrylate, dipropylene glycol mono(meth)
acrylate, (meth)acryloxypropyltrimethoxysilane, (meth)
acryloxypropyltriethoxysilane, (meth)acryloxypropylmeth-

yldimethoxysilane, (meth)
acryloxypropylmethyldiethoxysilane, (meth)
acryloxymethyltrimethoxysilane, (meth)
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acryloxymethyltriethoxysilane, (meth)
acryloxymethylmethyldimethoxysilane, (meth)
acryloxymethylmethyldiethoxysilane, (meth)acrylic acid,

(meth)acrylic acid dimmer, 1taconic acid, maleic acid, and
maleic acid anhydride.

[10] The pressure-sensitive adhesive composition as
described above [8] or [9], wherein the polyfunctional
crosslinking agent (B) 1s at least one crosslinking agent
selected from a group consisting of 1socyanate compounds,
epoxy compounds, aziridine compounds and metal chelate
compounds.

[11] The pressure-sensitive adhesive composition as
described above [7], which 1s cured into a product having a
crosslink density of 5 to 95 wt %.

[12] A self-adhes1ve polarizer including a polarizing film and
a pressure-sensitive adhesive layer formed from the pressure-
sensitive adhesive composition as described above [7] and
applied on at least one of opposite sides of the polarizing film.
[13] The self-adhesive polanizer as described above [12],
turther including at least one layer selected from a group
consisting of a protective layer, a retlective layer, a retardation

plate, an optical view-angle compensation film, and a lumi-
nance enhancement film.

[14] A liquid crystal display including a liquid crystal cell
composed of a pair of glass substrates and a liquid crystal
sealed between the glass substrates and the self-adhesive

polarizer as described above [12] or [13] bonded on at least
one of opposite sides of the liquid crystal cell.

ADVANTAGEOUS EFFECT OF THE INVENTION

Each organosilicon compound (silane coupling agent)
according to the present invention has organic functional
groups excellent in coordination property with active protons
like hydrogen atoms in hydroxyl groups. A seli-sensitive
adhesive composition with the organosilicon compound
incorporated therein 1s excellent 1n rework capability 1n an
initial stage because hydrogen bonds are formed between
active protons 1n chains on the side of a base polymer and the
functional groups 1n the silane coupling agent. Moreover, the
adhesive force increases with time under high temperature or
high temperature and high humidity so that the self-sensitive
adhesive composition 1s excellent 1n long-term durability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram showing a "H-NMR spectrum of the
reaction product of Synthesis Example 1;

FIG. 2 is a diagram showing a '>C-NMR spectrum of the
reaction product of Synthesis Example 1;

FIG. 3 is a diagram showing a *”Si-NMR spectrum of the
reaction product of Synthesis Example 1;

FI1G. 4 1s a diagram showing an IR spectrum of the reaction
product of Synthesis Example 1; and

FIG. 5 1s a diagram showing a GPC chart of the reaction
product of Synthesis Example 1.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A description will hereinaiter be made specifically about
the present invention. It 1s to be noted that the term “silane
coupling agent™ as used herein 1s embraced 1n the term “orga-
nosilicon compound.”
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Organosilicon Compounds (Silane Coupling Agents)

As a characteristic feature of each organosilicon com-
pound (silane coupling agent) according to the present inven-
tion, 1t 1s possible to mention that 1t has all of the following
structures (1) to (111):

(1) a heterocycle having at least one atom selected from nitro-
gen atoms, oxygen atoms and sulfur atoms;

(11) a divalent organic group containing at least one bond
selected from (thio)urethane bond, (thio)urea bond, (thio)
amide bond, (thio)ester bond, amino bond, (thio)ether
bond and sulfide bond; and

(111) a hydrolyzable silyl group.

The heterocycle of the structure (1), which has at least one
of nitrogen atoms, oxygen atoms and sulfur atoms, can be an
aliphatic ring or aromatic ring. Its specific structures include,
but are not limited to, structures such as those to be described
below.

wherein wavy lines indicate bonds.

In the present invention, no particular limitation 1s imposed
on the hydrolyzable silyl group of the structure (111) insofar as
it 1s a silyl group having at least one of a monovalent hydro-
lyzable atom bonded directly to a silicon atom (an atom
capable of forming a silanol group through a reaction with
water) and a monovalent hydrolyzable group bonded directly
to a silicon atom (a group capable of forming a silanol group
through a reaction with water). Such a hydrolyzable silyl
group undergoes hydrolysis to form a silanol group, and this
silanol group undergoes dehydration condensation with an
inorganic material to form a chemical bond of the formula:
—=351—0-M (M: inorganic material). Each organosilicon
compound according to the present invention contains only
one of such a hydrolyzable silyl group, and may contain two
or more of such hydrolyzable silyl groups. When two or more
hydrolyzable silyl groups exist, they may be the same or
different.

Examples of the hydrolyzable silyl group of the structure
(111) 1include chlorosilyl, bromosilyl, methoxysilyl, ethoxysi-
lyl, propoxysilyl, butoxysilyl, and the like.



US 8,431,649 B2

9

Preferred silane coupling agents according to the present
invention include those represented by the following formu-

las (1) to (3):

(1)

wherein R 1s a hydrolyzable group, R' 1s an alkyl group having
1 to 4 carbon atoms, A 1s a linear or branched alkylene group
having 1 to 6 carbon atoms, X 1s an oxygen atom or sulfur
atom, Y is —NH-— or a sulfur atom, L' and [* are each
independently a carbon atom or nitrogen atom, R' to R” are
cach independently a hydrogen atom, an alkyl, alkoxy or
fluoroalkyl group having 1 to 6 carbon atoms, or an amino
group, R" and R® or R” and R® may bond together to form a
ring skeleton with the carbon atoms to which they are bonded
and L°, m is an integer of 1 to 3, and n is an integer of 0 to 3;

(2)
R4
R - RS

g |
A—N—~C

N
Rm_Si V4 (CHE)H%
M

Rﬁ
R?

wherein R, R, A, X, m and n are as defined above, Z 1s
—NH—, an oxygen atom or a sulfur atom, M 1s —NH—, an
oxygen atom or a sulfur atom, R*to R’ are each independently
a hydrogen atom, an alkyl, alkoxy or fluoroalkyl group having
1 to 6 carbon atoms, or an amino group, R°> and R® may
directly bond together to form a double bond between the
carbon atoms to which they are bonded, and R* and R’ may
bond together to form an aliphatic or aromatic ring skeleton
together with the carbon atoms to which they are bonded; and

(3)

O R
R'3.m X RY
ol
R,—Si—A—N—C—7——(CH,),—N
RIU
O Rll

wherein R, R, A, X, Z, m and n are as defined above, R*toR**
are each mndependently a hydrogen atom, an alkyl, alkoxy or
fluoroalkyl group having 1 to 6 carbon atoms, or an amino
group, R” and R'"” may directly bond together to form a
double bond between the carbon atoms to which they are
bonded, and R® and R' " may directly bond together to form an
aliphatic or aromatic ring skeleton together with the carbon
atoms to which they are bonded.

In the above-described formulas, R can be a halogen atom
such as chlorine or bromine, or an alkoxy group such as
methoxy, ethoxy, propoxy or butoxy; and R' can be an alkyl
group such as methyl, ethyl or propyl. A can be, but 1s not
limited to, a linear alkylene group such as methylene, ethyl-
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ene or propylene, or a branched alkylene group such as meth-
allyl, isopropylene or isobutylene. Further, R' to R® can each
be a hydrogen atom, an alkyl group such as methyl, ethyl or
propyl, a fluoroalkyl group formed by substituting some or all
of the hydrogen atoms of such a group with a like number of
fluorine atoms, an alkoxy group such as methoxy, ethoxy or
Propoxy, or an amino group; or R' and R” or R* and R> may
bond together with the carbon atoms to which they are bonded
to form a ring such as cyclopentyl or cyclohexyl. R* to R’ can
cach be a hydrogen atom, an alkyl group such as methyl, ethyl
or propyl, a fluoroalkyl group formed by substituting some or
all of the hydrogen atoms of such a group with a like number
of fluorine atoms, an alkoxy group such as methoxy, ethoxy or
propoxy, or an amino group; or R> and R® may directly bond
together to form a double bond between the carbon atoms to
which they are bonded, and/or R* and R’ may bond together
to form an aliphatic or aromatic ring skeleton together with
the carbon atoms to which they are bonded. R®*toR' " can each
be a hydrogen atom, an alkyl group such as methyl, ethyl or
propyl, a fluoroalkyl group formed by substituting some or all
of the hydrogen atoms of such a group with a like number of
fluorine atoms, an alkoxy group such as methoxy, ethoxy or
Propoxy, or an amino group; or R” and R*'” may directly bond
together to form a double bond between the carbon atoms to
which they are bonded, and/or R® and R'! may bond together
to form an aliphatic or aromatic ring skeleton such as cyclo-
pentyl or cyclohexyl together with the carbon atoms to which
they are bonded.

Specific examples of the silane coupling agents having
coordinate function groups according to the present invention
are represented by the following structural formulas (8) to
(15), 1n which Et represents an ethyl group.

(8)

) N—
(EtO)351 (CH») % l! % < )
t1] S— 2)37 \ /
(9)
() N—
(EtO)351 (CH,) % l? % <
c=] — 2037 \
Y />
(10)
O

N
o / :l
(BtO)38i— (CH);— N— C— S —
S

(11)

O N
| u | g /:l
(Et0)3Si— (CH,)3— N—C —N— ‘
S
o (12)
N
| g Il = V N
(EtO);Si—(CH,);— N—C—N { ‘
S F

(13)
O

O

ol
(EtO)Si—— (CH,)3=—N=—C=—0—N
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-continued
(14)
O
O
| N
(Ft0);Si— (CH,);—N—C—O0—N
G
O
(15)
O
O
8| H Hp
(Et0)38i— (CH,)3—N—C—0—C —N
O

The above-described silane coupling agents can each form,
with an active proton such as the hydrogen atom 1n a hydroxyl
group, a stable coordinate bond such as that represented by
the following formula (A):

(A)
(Base polymer)
¢
O

/
O““‘ H":l'

] 74 Q

=Sy N—2CC

wherein QQ represents a nitrogen atom, sulfur atom, or oxygen
atom.

The silane coupling agents according to the present mnven-
tion can each be obtained by reacting an 1so(thio)cyanatosi-

lane coupling agent, which 1s represented by the following
formula (4):

(4)

A N—=—(—X

wherein R 1s a hydrolyzable group, R' 1s an alkyl group having
1 to 4 carbon atoms, A 1s a linear or branched alkylene group
having 1 to 6 carbon atoms, X 1s an oxygen atom or sulfur
atom, and m 1s an mteger of 1 to 3, with one of amine
compound, mercapto compound and alcohol having hetero-

cyclic structures and represented by the below-described for-
mulas (5) to (7).

The 1so(thio)cyanatosilane can be commercially available.
Specific examples include, but are not limited to, 1socy-
anatomethyltrimethoxysilane, 1socyanatomethyltriethoxysi-
lane, 1socyanatoethyltrimethoxysilane, 1socyanatoethyltri-
cthoxysilane, 1socyanatopropyltrimethoxysilane,
1socyanatopropyltriethoxysilane,  1sothiocyanatopropytri-
cthoxysilane, and the like.

The amine compound, mercapto compound and alcohol
having the heterocyclic structures can be compounds repre-
sented by the below-described formulas (5) to (7).
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()
Rl

e
4/<

R3

N
H—Y (CHz)H4<
\,

wherein Y is —NH— or a sulfur atom, [} and [.* are each
independently a carbon atom or nitrogen atom, R" to R” are
cach imdependently a hydrogen atom, an alkyl, alkoxy or
fluoroalkyl group having 1 to 6 carbon atoms, or an amino
group, R" and R” or R* and R® may bond together to form a
ring skeleton with the carbon atoms to which they are bonded
and L, and n is an integer of 0 to 3;

(6)
R4

RS

N
H—Z—(CHZ)H4</
M

Rﬁ
R?

wherein Z 1s —NH-—, an oxygen atom or a sulfur atom, M 1s
—NH—, an oxygen atom or a sulfur atom, R* to R’ are each
independently a hydrogen atom, an alkyl, alkoxy or fluoro-
alkyl group having 1 to 6 carbon atoms, or an amino group, R”
and R° may directly bond together to form a double bond
between the carbon atoms to which they are bonded, R* and
R’ may bond together to form an aliphatic or aromatic ring
skeleton together with the carbon atoms to which they are
bonded, and n 1s an integer of 0 to 3; and

(7)

O RS
RQ
H—Z—(CH,),—N
Rlﬂ
O Rll

wherein Z is —NH—, an oxygen atom or a sulfur atom, R® to
R are each independently a hydrogen atom, an alkyl, alkoxy
or fluoroalkyl group having 1 to 6 carbon atoms, or an amino
group, R” and R'® may directly bond together to form a
double bond between the carbon atoms to which they are
bonded, R® and R'' may bond together to form an aliphatic or
aromatic ring skeleton together with the carbon atoms to
which they are bonded, and n 1s an integer of O to 3.

In the above-described formulas, R* to R'* can be similar to
those described above. These compounds having the hetero-
cyclic structures can be those available on the market. Spe-
cific examples include, but are not limited to, aminoimida-
zole, mercaptoimidazole, hydroxyimidazole, aminothiazole,
mercaptothiazole, hydroxythiazole, aminothiazoline, mer-
captothiazoline, hydroxythiazoline, aminopyridine, mercap-
topyridine, hydroxypyridine, aminopyrimidine, mercaptopy-
rimidine, hydroxypyrimidine, aminotriazine,
mercaptotriazine, hydroxytriazine, aminobenzothiazole,
hydroxysuccinimide, hydroxyphthalimide, hydroxymeth-
ylphthalimide, and the like.
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Upon producing each silane coupling agent according to
the present invention, no particular limitation 1s imposed on
the mixing ratio ol the amine compound, mercapto compound
or alcohol having the heterocyclic structure to the 1so(thio)
cyanatosilane. From the standpoints of reactivity and produc-
tivity, however, it 1s preferred to react the amine compound,
mercapto compound or alcohol having the heterocyclic struc-
ture 1n a range of from 0.5 to 2 moles, especially from 0.8 to
1.2 moles per mole of the 1so(thio)cyanatosilane. If the mix-
ing amount of the compound having the heterocyclic struc-
ture 1s too little, the 1so(thio)cyanatosilane may remain abun-
dantly and may undergo polymerization to cause gelling. If
too much, on the other hand, no efiects are given to various
properties of the resulting silane coupling agent, but demerits
may arise such that the resulting silane coupling agent would
be provided with lowered purity and moreover, 1ts productiv-
ity would be reduced.

Upon producing each silane coupling agent according to
the present invention, an organic solvent may be used as
needed. Described specifically, no particular limitation 1s
imposed on the organic solvent, insofar as 1t 1s reactive with
neither the iso(thio)cyanato group and hydrolyzable silyl
group 1n the reactant 1so(thio)cyanatosilane coupling agent
nor the amino group, mercapto or hydroxyl group in the
reactant amine compound, mercapto compound or alcohol.
More specific examples include, but are not limited to, ali-
phatic hydrocarbon solvents such as pentane, hexane and
heptane; aromatic hydrocarbon solvents such as toluene and
xylene; linear or cyclic ether solvents such as diethyl ether,
cyclopentyl methyl ether, dioxane and tetrahydrofuran; ester
solvents such as ethyl acetate and butyl acetate; amide sol-
vents such as formamide, dimethylformamide, pyrrolidone
and N-methylpyrrolidone; ketone solvents such as acetone,
methyl ethyl ketone, methyl 1sobutyl ketone and cyclohex-
anone; and the like.

Upon producing each silane coupling agent according to
the present mvention, a reaction catalyst may be used as
needed. In general, use of no catalyst in the reaction between
an 1socyanate compound and a mercapto compound or alco-
hol may lead to low reaction velocity and inferior productiv-
ity. The reaction catalyst can be commercially available. Spe-
cifically, organotin compounds are preferred, with octyltin
compounds and organotin compounds having one or more
substituent groups having at least 8 carbon atoms being more
preferred 1 view of environmental load, although the reac-
tion catalyst 1s not limited to those exemplified above.

No particular limitation 1s imposed on the amount of the
catalyst to be used. From the standpoints of reactivity and
productivity, however, 1t 1s preferred to use the catalyst in a
range of from 0.00001 to 0.1 parts by weight, notably from
0.0001 to 0.01 parts by weight per 1 part by weight of the
silane compound. The use of the catalyst in an amount 1n this
range makes 1t easier to bring about sufficient reaction pro-
moting effect commensurate with the amount of the catalyst.

No particular limitation 1s 1imposed on the reaction tem-
perature insofar as the 1so(thio)cyanato group and the amino
group, mercapto or hydroxyl group can react with each other,
although 1t may range preferably from 0 to 200° C., notably
from 10 to 150° C. The reaction time may range preferably
from 10 minutes to 10 hours, notably from 30 minutes to 6
hours. The atmosphere may preferably be the air atmosphere
or an 1nert gas atmosphere such as nitrogen or argon.

As a result of the reaction between the 1so(thio)cyanato
group and the amino, mercapto or hydroxyl group, a (thio)
urea bond or (thio)urethane bond having coordinate property
1s formed so that a silane coupling agent having coordinate
functional groups 1s obtained.
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Pressure-Sensitive Adhesive Composition

A description will next be made about the pressure-sensi-
tive adhesive composition containing the above-described
coordinate functional groups.

The pressure-sensitive adhesive composition according to

the present invention may preferably include:
(A) 100 parts by weight of a (meth)acrylic copolymer obtain-
able by copolymerizing (a) 90 to 99.9 parts by weight of a
(meth)acrylate ester monomer with an alkyl group having 1 to
12 carbon atoms and (b) 0.1 to 10 parts by weight of at least
one of a vinyl monomer and (meth)acrylic monomer each of
which contains a crosslinkable functional group, (B) 0.01 to
10 parts by weight of a polyfunctional crosslinking agent, and
(C) 0.01 to 9 parts by weight of an organosilicon compound
represented by any one of the formulas (1) to (3).

The (meth)acrylate ester monomer with an alkyl group
having 1 to 12 carbon atoms (a) for use 1n the composition
according to the present invention may be contained desirably
in an amount of 90 to 99.9 parts by weight, notably 1n an
amount of 91 to 99 parts by weight 1n 100 parts by weight of
the monomers to be copolymerized. Its content lower than 90
parts by weight may lead to a reduction 1n 1itial adhesive
force, while its content higher than 99.9 parts by weight may
cause a problem in durability due to reduced cohesive force.

As the (meth)acrylate ester monomer with an alkyl group
having 1 to 12 carbon atoms as component (a), 1t 1s possible to
use a (meth)acrylate with an alkyl group having 1 to 12 carbon
atoms other than the (meth)acrylic monomer containing a
crosslinkable functional group as component (b), with the use
of a (meth)acrylate with an alkyl group having 2 to 8 carbon
atoms being more preferred. Namely, the alkyl (meth)acry-
late provides the resulting pressure-sensitive adhesive with
reduced cohesive force 1t its alkyl group 1s 1n the form of a
long chain. To retain cohesive force under high temperatures,
the carbon number of the alkyl group may be preferably 1n the

range of from 1 to 12, more preferably 1n the range of from 2
to 3.

Specific examples of the (meth)acrylate ester monomer
include butyl
(meth)acrylate, 2-ethylhexyl (meth)acrylate,
cthyl (meth)acrylate, methyl (meth)acrylate,
n-propyl (meth)acrylate, 1sopropyl (imeth)acrylate,
t-butyl (meth)acrylate, pentyl (meth)acrylate,
n-octyl (meth)acrylate, 1sooctyl (meth)acrylate,
1sononyl (meth)acrylate, and the like. These (meth)acrylate
ester monomers can be used erther alone or in combination of
twoO or more.

The at least one of the vinyl monomer and (meth)acrylic
monomer each of which contains the crosslinkable functional
group as component (b) reacts with the crosslinking agent to
impart cohesive force and adhesive force by chemical bonds
such that no failure takes place 1n the cohesive force of the
resulting pressure-sensitive adhesive under conditions of
high temperature or high temperature and high humidity. As
the mixing amount of the monomer as component (b), 1t may
be used preferably 1n an amount o1 0.1 to 10 parts by weight,
notably 1 to 9 parts weight 1n 100 parts by weight of the
monomers to be copolymerized. A mixing amount smaller
than 0.1 parts by weight may induce a cohesion failure under
high temperature and high humidity, while a mixing amount
greater than 10 parts by weight may become a cause of a
substantial decrease 1n compatibility and a surface migration
so that tlowability may decrease and cohesive force may
increase, resulting in lowered stress relieving capacity.

Examples of the vinyl monomer and (meth)acrylic mono-
mer each of which contains the crosslinkable functional
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group as component (b) include, but are not limited to, mono-
mers contaiming one or more hydroxyl groups such as
2-hydroxyethyl (meth)acrylate, 3-hydroxypropyl (meth)
acrylate,

4-hydroxybutyl (meth)acrylate,

diethylene glycol mono(meth)acrylate and

dipropylene glycol mono(meth )acrylate; monomers contain-
ing one or more carboxyl groups such as (meth)acrylic acid,
(meth)acrylic acid dimer, 1taconic acid, maleic acid and
maleic acid anhydride; monomers containing a hydrolyzable
s1lyl groups such as (meth)acryloxypropyltrimethoxysilane,
(meth)acryloxypropyltriethoxysilane, (meth)acryloxypropy-
Imethyldimethoxysilane, (meth)acryloxypropylmethyldi-
cthoxysilane, (meth)acryloxymethyltrimethoxysilane,
(meth)acryloxymethyltriethoxysilane, (meth)acryloxymeth-
ylmethyldimethoxysilane and (meth)acryloxymethylmeth-
yldiethoxysilane; and the like. These monomers can be used
either alone or 1n combination of two or more.

It 1s to be noted that in the present invention, copolymer-
1zable monomers other than the above-described monomers
can be additionally used upon production of the acrylic
copolymer to adjust the glass transition point of the pressure-
sensitive adhesive composition and also to impart other func-
tionality. Described specifically, a copolymerizable monomer
such as acrylonitrile, styrene, glycidyl (meth)acrylate or vinyl
acetate can be used. The mixing amount of such a copolymer-
1zable monomer may be preferably from 0.1 to 9.9 parts by
weight, more preferably from 0.5 to 8 parts by weight in 100
parts by weight of the monomers to be copolymerized.

As viscoelastic properties of a pressure-sensitive adhesive
composition are determined primarily by the molecular
weight and molecular weight distribution of the polymer
chain and the existing amount of the molecular structures,
especially by the molecular weight. The molecular weight
(weight average molecular weight: Mw) of the (meth)acrylic
copolymer for use 1n the present invention may be preferably
from 800,000 to 2,000,000, more preferably from 900,000 to
1,900,000. It 1s to be noted that each weight average molecu-
lar weight 1s a value as determined by gel permeation chro-
matography (GPC) using a polystyrene standard. An exces-
stvely low molecular weight may fail to obtain desired
viscoelastic properties, while an unduly high molecular
weight may provide the resultant polymer with very high
viscosity to make i1ts handling difficult so that the productivity
may be lowered.

The copolymer can be produced through a conventional
radical polymernzation step. No particular limitation 1s
imposed on the polymerization process of the copolymer 1n
the present invention, and the copolymer can be produced by
a general process such as solution polymerization, photopo-
lymerization, bulk polymerization, suspension polymeriza-
tion or emulsion polymerization. Of these, solution polymer-
ization 1s preferred from the viewpoint of productivity. In
solution polymerization, the polymerization temperature
may preferably be from 50 to 140° C. and the reaction time
may preferably be from 1 to 24 hours. It 1s preferred to add an
initiator after the monomers have been formed 1nto a uniform
mixture.

In the pressure-sensitive adhesive composition according
to the present invention, the polyfunctional crosslinking
agent as component (B) plays a role to provide the resulting
pressure-sensitive adhesive with enhanced cohesive force
through 1ts reaction with carboxyl groups and/or hydroxyl
groups. The content of the crosslinking agent may be prefer-
ably from 0.01 to 10 parts by weight, more preferably from
0.05 to 5 parts by weight per 100 parts by weight of the
copolymer as component (A). An unduly high content may
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result 1n severe cohesion so that the formation into a pressure-
sensitive adhesive sheet or the like may be rendered difficult.
An excessively low content, on the other hand, may fail to
bring about the cohesive force enhancing effect as desired.

As the polyfunctional crosslinking agent, an 1socyanate,
epoxy, aziridine, metal chelate crosslinking agents can be
used. Of these, an1socyanate crosslinking agent is easy to use.
Specific examples of the 1socyanate crosslinking agent
include tolylene
diisocyanate,
xylene diisocyanate, diphenylmethane diisocyanate,
hexamethylene diisocyanate, 1soform diisocyanate,
tetramethylxylene diisocyanate, naphthalene diisocyanate,
and
their reaction products with polyols such as trimethylolpro-
pane.

Specific examples of the epoxy crosslinking agent include
cthylene glycol
diglycidyl ether,
trimethylolpropane triglycidyl ether,
N,N,N"N'-tetraglycidylethylenediamine,
glycerin diglycidyl ether, glycerin triglycidyl ether,
polyglycerin polyglycidyl ether, sorbitol polyglycidyl ethers,
and the like.

Specific examples of the aziridine crosslinking agent
include N,N'-toluene-2,4-bis(1-azindinecarboxide),
N,N'-diphenylmethane-4,4'-bis(1-aziridinecarboxide),
triethylenemelamine, bisisoprotaloyl-1-(2-methylaziridine),
tri-1-aziridinylphosphine oxide, and the like.

Examples of the metal chelate crosslinking agent include
compounds that multivalent metals such as aluminum, 1ron,
zinc, tin, titanium, antimony, magnesium and vanadium coor-
dinate with acetyl acetone or ethyl acetoacetate, and the like.

As the organosilicon compound as component (C), 1t 1s
preferred to use one of the above-described silane coupling
agents having coordinate functional groups and represented
by the formulas (1) to (3). By incorporating the silane cou-
pling agent 1n the pressure-sensitive adhesive composition,
the initial rework capability and the adhesive force under high
temperature and high humidity are significantly improved.
The specific structures of the silane coupling agents are as
described above, and these silane coupling agents can be used
cither alone or in combination of two or more. Its mixing
amount may be preferably from 0.01 to 9 parts by weight,
more preferably from 0.1 to 5 parts by weight, particularly
preferably from 0.1 to 3 parts by weight per 100 parts by
weight of the (meth)acrylic copolymer (A). Its content lower
than 0.01 parts by weight may not be able to fully bring about
the advantageous eflects available from the addition of the
silane, while 1ts content higher than 9 parts by weight involves
a potential problem that due to 1ts use 1n the excess amount,
bubbles or separation may occur to result 1n reduced durabil-
ty.

In the present invention, a tackiness-imparting resin can be
added further to adjust the adhesion performance of the com-
position. Its content may be 1n a range of from 1 to 100 parts
by weight, especially from 5 to 90 parts by weight per 100
parts by weight of the (meth)acrylic copolymer (A). A content
lower than 1 parts by weight may not exhibit suilicient adjust-
ing effect, while a content higher than 100 parts by weight
involves a potential problem of providing the resulting adhe-
stve with reduced common utility or cohesive property.

Usable examples of the tackiness-imparting resin include
(hydrogenated) hydrocarbon resins, (hydrogenated) rosin
resins, (hydrogenated) rosin ester resins, (hydrogenated) ter-
pene resins, (hydrogenated) terpene phenol resins, polymer-
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1zed rosin resins, polymerized rosin ester resins, and the like.
They can be used either alone or in combination of two or
more.

In addition to the above-described components, plasticiz-
ers, low-molecular-weight substances such as leveling
agents, epoxy resins, curing agents and the like can be used as
additional components 1n combination, and further, ultravio-
let stabilizers, antioxidants, color removers, remnforcing
agents, fillers, defoaming agent, surfactants and the like can
be appropriately added and used depending on the application
purpose.

No particular limitation 1s imposed on the production
method of the pressure-sensitive adhesive composition
according to the present mnvention, and the pressure-sensitive
adhesive composition can be obtained by mixing (A) the
(meth)acrylic copolymer, (B) the polyfunctional crosslinking
agent and (C) the silane coupling agent 1n a usual manner. As
mixing conditions, the mixing may be conducted preferably
at 10to 150° C. for 10 minutes to 10 hours. In this production,
the silane coupling agent having the coordinate functional
groups can be used by adding it 1n a mixing step aiter the
polymerization of the (meth)acrylic copolymer. The silane
coupling agent can exhibit the same effect even when 1t 1s
added 1n the course of the production process of the (meth)
acrylic copolymer. Further, uniform coating of the pressure-
sensitive adhesive composition 1s feasible when no substan-
tial crosslinking reactions of functional groups by the
polytunctional crosslinking agent take place in the mixing
step conducted for the formation of a pressure-sensitive adhe-
stve layer to be obtained by curing the pressure-sensitive
adhesive composition. Through drying and aging steps after
the coating, a crosslinked structure 1s formed so that a pres-
sure-sensitive adhesive layer having elasticity and high cohe-
stve force can be obtaimed.

The pressure-sensitive adhesive composition of this imven-
tion obtained as described above can form a pressure-sensi-
tive adhesive layer when coated the composition on an adher-
end such as a glass plate, plastic film or paper sheet and cured
at 25 to 150° C. and 20 to 90% RH for 5 minutes to 5 hours,
especially at 40 to 80° C. and 25 to 60% RH for 10 minutes to
3 hours.

It 1s desired to use the pressure-sensitive adhesive compo-
sition of the mvention after fully eliminating components
which otherwise induce the formation of bubbles inside, such
as volatile components and reaction residues. If the crosslink
density and molecular weight are excessively low and the
coellicient of elasticity of the pressure-sensitive adhesive
layer 1s unduly low, small bubbles which exist between an
adherend such as a glass plate and the pressure-sensitive
adhesive layer become larger at a high-temperature to form
scatterers 1nside the pressure-sensitive adhesive layer. IT a
pressure-sensitive adhesive layer having excessively high
coellicient of elasticity 1s used over a long term, the pressure-
sensitive adhesive layer (sheet) develops separation at end
positions thereol due to excessive crosslinking reactions.

When an optimal physical balance 1s taken into consider-
ation, the crosslink density of the pressure-sensitive adhesive
layer may suitably be 1n a range of from 5 to 95 wt %, with a
range of 7 to 93 wt % being particularly suited. The term
“crosslink density” indicates a value that expresses portions
where a crosslinked structure insoluble 1n a solvent 1s formed
in terms of wt % by the commonly-known gel content mea-
suring method for pressure-sensitive adhesives. If the
crosslink density of a pressure-sensitive adhesive layer is
lower than 5 wt %, the pressure-sensitive adhesive layer 1s
provided with reduced cohesive force and therefore 1s accom-
panied by a potential problem in adhesion durability such as
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bubbling or separation. If higher than 95 wt %, on the other
hand, the pressure-sensitive adhesive layer may not adhere
firmly and may hence be reduced in durabaility.
Self-Adhesive Polarizer

A description will next be described about a self-adhesive
polarizer including pressure-sensitive adhesive layer(s)
obtained by coating and curing the pressure-sensitive adhe-
s1ve composition on one or both of opposite sides of a polar-
1izing {ilm or the like.

The self-adhesive polarizer according to the present inven-
tion 1includes a polarizing film or polarizing device and pres-
sure-sensitive adhesive layer(s) formed from the above-de-
scribed pressure-sensitive adhesive composition and applied
on one or both of opposite sides of the polarizing film or
polarizing device. No particular limitation 1s imposed on the
polarizing film or polarizing devices that constitutes the
polarizer. Examples of the polarizing film include films
obtained by incorporating a polarizing component such as
10dine or a heterochromatic dye in films made of a polyvinyl
alcohol resin and then stretching the films. No particular
limitation 1s 1mposed on the thickness of these polarizing
f1lms, so that they can be formed with a usual thickness.

As the polyvinyl alcohol resin, polyvinyl alcohol, polyvi-
nyl formal, polyvinyl acetal, a saponification production of an
cthylene-vinyl acetate copolymer, or the like can be used.

As the polarizing film, 1t 1s also possible to use such a
multilayer film that on opposite sides of a polarizing film,
protective films, for example, cellulose films such as triacetyl
cellulose films, polyester films such as polycarbonate films or
polyethylene terephthalate films, polyethersulione films, or
polyolefin films such as polyethylene films, polypropylene
films or ethylene-propylene copolymer films are laminated.
No particular limitation 1s imposed on the thickness of these
protective films, so that they can be formed with a usual
thickness.

In the present invention, no particular limitation 1s imposed
on the method for forming the pressure-sensitive adhesive
layer on the polarizing film. It 1s possible to adopt, for
example, such a method that includes coating the pressure-
sensitive adhesive composition directly onto the surface of
the polarizing film with a bar coater or the like and drying the
thus-coated adhesive composition or such a method that
includes once coating the pressure-sensitive adhesive com-
position onto a surface of a peelable base material and drying
the thus-coated adhesive composition, transierring the pres-
sure-sensitive adhesive layer, which has been formed on the
surface of the peelable base material, onto the surface of the
polarizing {ilm, and then aging the thus-transferred adhesive
layer. In this method, the drying may be conducted preferably
at 25 to 150° C. and 20 to 90% RH for 5 minutes to 5 hours,
and the aging may be conducted preferably at 25 to 150° C.
and 20 to 90% RH for 5 minutes to 5 hours.

No particular limitation 1s imposed on the thickness of the
pressure-sensitive adhesive layer. In general, however, the
thickness may be preferably from 0.01 to 100 um, more
preferably from 0.1 to 50 um. If the thickness of the pressure-
sensitive adhesive layer 1s smaller than the above-described
range, 1ts eflect as the pressure-sensitive adhesive layer may
not be brought about fully. I1 the thickness of the pressure-
sensitive adhesive layer 1s greater than the above-described
range, on the other hand, the effect of the pressure-sensitive
adhesive layer may reach saturation and may result in higher
COst.

On the polarizing film with the pressure-sensitive adhesive
layer applied thereon as described above (on the self-adhesive
polarizer according to the present invention), 1t 1s possible to
laminate one or more of layers providing additional functions
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such as a protective layer, a reflective layer, a retardation film,
an optical view-angle compensation film, and a luminance
enhancement f1lm.

Liquid Crystal Display

The self-adhesive polarizer according to the present inven-
tion can be applied specifically to any one of usual hiquid
crystal displays, and no particular limitation 1s imposed on the
kind of 1ts liquid crystal panel. In particular, it 1s preferred to
construct a liquid crystal display by including a liquid crystal
panel with one or two self-adhesive polarizers of the present
invention bonded on one or both of opposite sides of a liquid
crystal cell composed of a pair of glass substrates and a liquid
crystal sealed therebetween.

The self-adhesive composition according to the present
invention can be used irrespective of applications, especially
to industrial sheets such as, 1n addition to the above-described
polarizing films, retlecting sheets, structural self-adhesive
sheets, photographic self-adhesive sheets, lane-marking seli-
adhesive sheets, optical self-adhesive products, and elec-
tronic parts and components. It can also be used 1n application
fields which are similar 1n action concept such as laminated
products of multilayer structures, specifically general com-
mercial self-adhesive sheet products, medical patches, heat
activable products, and the like.

The pressure-sensitive adhesive composition according to
the present mvention 1s a (meth)acrylic pressure-sensitive
adhesive containing a silane coupling agent having coordi-
nate functional groups. As 1ts 1nitial adhesive force 1s low
upon boding to glass or the like, rework capability 1s excel-
lent. After moisture/heat exposure subsequent to the bonding,
suificiently high adhesive force 1s developed to provide excel-
lent long-term durability.

EXAMPLES

The present invention will hereinafter be described more
specifically based on Synthesis Examples, Examples and
Comparative Examples, although the present invention shall
not be limited to these Examples. It 1s to be noted that 1n the
following examples, viscosities, specific gravities and refrac-
tive indexes are values measured as 25° C. Further, “NMR,”
“IR” and “GPC” are abbreviations of nuclear magnetic reso-
nance spectroscopy, infrared spectroscopy and gel perme-
ation chromatography, respectively. Viscosities are based on
measurements at 25° C. by a capillary kinematic viscometer.

Synthesis Example 1

In a 1-L separable flask equipped with a stirrer, a reflux
condenser, a dropping funnel and a thermometer, 31.4 g (0.33
mol) of 2Z-aminopyridine was placed, followed by charging of
150 g of tetrahydrofuran. The resultant mixture was stirred
into a solution. Into the solution, 82.5 g (0.33 mol) of 3-1s0-
cyanatopropyltriethoxysilane was charged dropwise, and the
thus-obtained mixture was stirred under heating at 70° C. for
4 hours. Subsequently, 1t 1s confirmed by IR measurement that
an absorption peak attributable to the 1socyanato group 1n the
reactant 3-1socyanatopropyltriethoxysilane had disappeared
completely and 1nstead, an absorption peak attributable to a
urea bond had been formed, the reaction was determined to be
completed. The solvent was then distilled oif to obtain the
reaction product, which was a pale yellow liquid and had a
viscosity of 184 mm?/s, a specific gravity of 1.094 and a
refractive index of 1.4975. The reaction product was con-
firmed by GPC to be consisted of a single product, and was
also confirmed by NMR spectroscopy to have a structure
represented by the below-described chemical structural for-
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mula (8). A proton NMR spectrum of this compound 1s shown
in FIG. 1, a carbon NMR spectrum 1n FIG. 2, a silicon NMR
spectrum 1n FIG. 3, an IR spectrum 1n FI1G. 4, and a GPC chart
in FIG. 5.

(8)
O
(EtO)gSl—(CHg)g—N—C— —<\ )
wherein Et represents an ethyl group, and this definition will

apply equally hereinafter.

Synthesis Example 2

In a 1-L separable flask equipped with a stirrer, a reflux
condenser, a dropping funnel and a thermometer, 31.7 g (0.33
mol) of 2-aminopyrimidine was placed, followed by charging
ol 150 g of tetrahydrofuran. The resultant mixture was stirred
into a solution. Into the solution, 82.5 g (0.33 mol) of 3-1s0-
cyanatopropyltriethoxysilane was charged dropwise, and the
thus-obtained mixture was stirred under heating at 70° C. for
4 hours. Subsequently, 1t 1s confirmed by IR measurement that
an absorption peak attributable to the 1socyanato group in the
reactant 3-1socyanatopropyltriethoxysilane had disappeared
completely and instead, an absorption peak attributable to a
urea bond had been formed, the reaction was determined to be
completed. The solvent was then distilled off to obtain the
reaction product, which was an orange solid. The reaction
product was confirmed by NMR spectroscopy to have the
below-described chemical structural formula (9). Its NMR
spectral data are as follows:

"H-NMR (300 MHz, CDCl,, 8(ppm)): 0.58 (t, 2H), 1.07 (1,
OH), 1.61 (quint, 2H), 3.28 (t, 2H), 3.67 (q, 6H), 6.66 (m, 1H),
6.88 (m, 1H), 7.39 (m, 1H), 7.97 (m, 1H), 9.34 (s, 1H), 10.01
(s, 1H).

C-NMR (75 MHz, CDCl,, 8(ppm)): 7.6, 18.2,23.2,42.2,
58.0, 110.8, 113.7, 158.0, 163.2. *"Si—NMR (60 MHz,

CDCl,, o(ppm)): —43.7.
<\ )

()

O=0

(EtO)3851——(CH,)3—

Synthesis Example 3

In a 1-L separable flask equipped with a stirrer, a reflux
condenser, a dropping funnel and a thermometer, 89.4 g (0.75
mol) of 2-mercaptothiazoline and 1.3 g of dioctyltin oxide
were placed, followed by charging of 300 g of ethyl acetate.
The resultant mixture was stirred 1nto a solution. Into the
solution, 185.5 g (0.75 mol) of 3-1socyanatopropyltriethox-
ysilane was charged dropwise, and the thus-obtained mixture
was stirred under heating at 80° C. for 4 hours. Subsequently,
it 1s confirmed by IR measurement that an absorption peak
attributable to the 1socyanato group in the reactant 3-1socy-
anatopropyltriethoxysilane had disappeared completely and
instead, an absorption peak attributable to a thiourethane
bond had been formed, the reaction was determined to be
completed. The solvent was then distilled off to obtain the
reaction product, which was a pale yellow liquid and had a




US 8,431,649 B2

21

viscosity of 38 mm?/s, a specific gravity of 1.164 and a
refractive index of 1.5218. The reaction product was con-
firmed by NMR spectroscopy to have the below-described
chemical structural formula (10). Its NMR spectral data are as
follows:

"H-NMR (300 MHz, CDCl,, 8(ppm)): 0.38 (t, 2H), 0.94 (t,
OH), 1.40 (quint, 2H), 3.02 (m, 2H), 3.04 (1, 2H), 3.54 (q, 6H),
4.42 (m, 2H), 9.52 (s, 1H).

SC-NMR (75 MHz, CDCl,, 8(ppm)): 7.2,17.7,22.2, 26.6,

42.5,55.8,57.8, 151.6, 199.6.
29Gi— NMR (60 MHz, CDCL,, 8(ppm)): —45.7.

(10)

3 N
o | 4 j
(EtO);Si——(CH,);=—N —C —8 —
S
Synthesis Example 4

In a 1-L separable flask equipped with a stirrer, a reflux
condenser, a dropping funnel and a thermometer, 33.4 g (0.33
mol) of 2-aminothiazole was placed, followed by charging of
150 g of tetrahydrofuran. The resultant mixture was stirred
into a solution. Into the solution, 82.5 g (0.33 mol) of 3-1s0-
cyanatopropyltriethoxysilane was charged dropwise, and the
thus-obtained mixture was stirred under heating at 80° C. for
4 hours. Subsequently, 1t 1s confirmed by IR measurement that
an absorption peak attributable to the 1socyanato group 1n the
reactant 3-1socyanatopropyltriethoxysilane had disappeared
completely and instead, an absorption peak attributable to a
urea bond had been formed, the reaction was determined to be
completed. The solvent was then distilled off to obtain the
reaction product, which was a brown solid. The reaction
product was confirmed by NMR spectroscopy to have the
below-described chemical structural formula (11). Its NMR
spectral data are as follows:

"H-NMR (300 MHz, CDCl,, 8(ppm)): 0.65 (t, 2H), 1.19 (1,
OH), 1.68 (quint, 2H),3.32 (t, 2H),3.69 (m, 1H), 3.79 (q, 6H),
6.26 (m, 2H), 7.28 (m, 2H).

SC-NMR (75 MHz, CDCl,, 8(ppm)): 7.7,18.2,23.4,42.7,
58.3,111.0, 136.8, 154.8, 162.6.

*’Si-NMR (60 MHz, CDCl,, 8(ppm)): —45.8.

(1)

? N
(EtO)3Si—(CH2)3—§ C—N </ j
S
Synthesis Example 5

In a 1-L separable tlask equipped with a stirrer, a retlux
condenser, a dropping funnel and a thermometer, 50.1 g (0.33
mol) of 2-aminobenzothiazole was placed, followed by
charging of 150 g of tetrahydrofuran. The resultant mixture
was stirred 1nto a solution. Into the solution, 82.5 g (0.33 mol)
of 3-1socyanatopropyltriethoxysilane was charged dropwise,
and the thus-obtained mixture was stirred under heating at
70° C. for 4 hours. Subsequently, 1t 1s confirmed by IR mea-
surement that an absorption peak attributable to the 1socy-
anato group in the reactant 3-1socyanatopropyltriethoxysi-
lane had disappeared completely and 1nstead, an absorption
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peak attributable to a urea bond had been formed, the reaction
was determined to be completed. The solvent was then dis-

tilled off to obtain the reaction product, which was a white
solid. The reaction product was confirmed by NMR spectros-
copy to have the below-described chemical structural formula
(12). Its NMR spectral data are as follows:

"H-NMR (300 MHz, CDCl,, 8(ppm)): 0.68 (t, 2H), 1.20 (1,
OH), 1.71 (quint, 2H), 3.35(t, 2H),3.53 (m, 1H), 3.72 (q, 1H),
3.81 (g, 6H), 7.21 (m, 1H), 7.35 (m, 1H), 7.68 (m, 2H).

C-NMR (75 MHz, CDCl,, 8(ppm)): 7.4,18.2,23.2,42.7,
58.4,119.8,121.1, 123.3, 126.0, 130.8, 149.0, 154.7, 161.7.

*?Si-NMR (60 MHz, CDCL,, d(ppm)): —45.9.

(12)

O
N
| u Il & / N
(Et0);8i— (CH,);—N—C —N—< ‘
S F
Synthesis Example 6

In a 1-L separable flask equipped with a stirrer, a reflux
condenser, a dropping funnel and a thermometer, 57.5 g (0.5
mol) of N-hydroxysuccinimide and 1.0 g of dioctyltin oxide
were placed, followed by charging of 300 g of tetrahydrotu-
ran. The resultant mixture was stirred into a solution. Into the
solution, 123.7 g (0.5 mol) of 3-1socyanatopropyltriethoxysi-
lane was charged dropwise, and the thus-obtained mixture
was stirred under heating at 70° C. for 4 hours. Subsequently,
it 1s confirmed by IR measurement that an absorption peak
attributable to the 1socyanato group in the reactant 3-1socy-
anatopropyltriethoxysilane had disappeared completely and
instead, an absorption peak attributable to a urethane bond
had been formed, the reaction was determined to be com-
pleted. The solvent was then distilled oif to obtain the reaction
product, which was a pale yellow liquid and had a viscosity of
38 mm~/s, a specific gravity of 1.164 and a refractive index of
1.5218. The reaction product was confirmed by NMR spec-
troscopy to have the below-described chemaical structural for-
mula (13). Its NMR spectral data are as follows:

"H-NMR (300 MHz, CDCl,, 8(ppm)): 0.35 (t, 2H), 0.94 (1,
OH), 1.38 (quunt, 2H), 2.39 (m, 2H), 2.52 (m, 2H), 2.90 (,
2H), 3.53 (q, 6H), 4.42 (m, 2H), 6.45 (m, 1H).

"C-NMR (75 MHz, CDCl,, 8(ppm)): 6.8,17.6,22.2, 24 8,
43.7, 57.7, 151.2, 170.2. *’Si-NMR (60 MHz, CDCI,,
o(ppm)): —45.4.

(13)

O

no |
(EtO);8i— (CH,);—N—C—0—N

Synthesis Example 7

In a 1-L separable flask equipped with a stirrer, a reflux
condenser, a dropping funnel and a thermometer, 48.9 g (0.3
mol) of N-hydroxyphthalimide and 1.0 g of dioctyltin oxide
were placed, followed by charging of 200 g of ethyl acetate.
The resultant mixture was stirred into a solution. Into the
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solution, 74.2 g (0.3 mol) of 3-1socyanatopropyltriethoxysi-
lane was charged dropwise, and the thus-obtained mixture
was stirred under heating at 80° C. for 4 hours. Subsequently,
it 1s confirmed by IR measurement that an absorption peak
attributable to the 1socyanato group in the reactant 3-1socy-
anatopropyltriethoxysilane had disappeared completely and
instead, an absorption peak attributable to a urethane bond
had been formed, the reaction was determined to be com-
pleted. The solvent was then distilled oif to obtain the reaction
product, which was a yellow solid. The reaction product was
confirmed by NMR spectroscopy to have the below-de-
scribed chemical structural formula (14). Its NMR spectral
data are as follows:

"H-NMR (300 MHz, CDCL,, 8(ppm)): 0.60 (t, 2H), 1.14 (1,
OH), 1.65 (quint, 2H), 3.20 (m, 2H), 3.75 (g, 6H), 6.30 (m,
1H), 7.72 (m, 4H).

SC-NMR (75 MHz, CDCl,, 8(ppm)): 7.3,17.9,22.6, 44.2,
58.3,123.6,128.7,134.5, 152.2, 162 4.

*?Si-NMR (60 MHz, CDCl,, 8(ppm)): —45.9.

(14)

O
O
g | >\ N
(Ft0)3S8i— (CH, 3—N—C—0—N ‘
>/ P
O
Synthesis Example 8

In a 1-L separable flask equipped with a stirrer, a reflux
condenser, a dropping funnel and a thermometer, 53.2 g (0.3
mol) of N-hydroxymethylphthalimide and 1.0 g of dioctyltin
oxide were placed, followed by charging of 200 g of ethyl
acetate. The resultant mixture was stirred 1nto a solution. Into
the solution, 74.2 g (0.3 mol) of 3-1socyanatopropyltriethox-
ysilane was charged dropwise, and the thus-obtained mixture
was stirred under heating at 80° C. for 4 hours. Subsequently,
it 1s confirmed by IR measurement that an absorption peak
attributable to the 1socyanato group in the reactant 3-1socy-
anatopropyltriethoxysilane had disappeared completely and
instead, an absorption peak attributable to a urethane bond
had been formed, the reaction was determined to be com-
pleted. The solvent was then distilled oif to obtain the reaction
product, which was a white solid. The reaction product was
confirmed by NMR spectroscopy to have the below-de-
scribed chemical structural formula (15). Its NMR spectral
data are as follows:

"H-NMR (300 MHz, CDCl,, 8(ppm)): 0.49 (t, 2H), 1.07 (,
OH), 1.49 (quint, 2H), 3.04 (m, 2H), 3.68 (g, 6H), 5.39 (m,
1H), 5.55 (s, 2H), 7.69 (m, 4H).

SC-NMR (75 MHz, CDCl,, 8(ppm)): 7.3,14.3,17.9,22.7,
43.1,57.9,123.2,131.4,134.1, 154.5, 166 .4.

*’Si-NMR (60 MHz, CDCl,, 8(ppm)): —45.6.

(15)

O
O
H H H,
(Et0)3Si— (CH,);—N—C—0—C —N
O

10

15

20

25

30

35

40

45

50

55

60

65

24
Synthesis Example 9

In a 1-L separable flask equipped with a stirrer, a reflux
condenser, a dropping funnel and a thermometer, 98.1 g of
n-butyl acrylate(BA), 0.6 g of acrylic acid(AA) and 1.3 g of
2-hydroxyethyl methacrylate(2-HEMA) were placed, fol-
lowed by charging of 100 g of ethyl acetate as a solvent. The
resultant mixture was stirred 1nto a solution. Subsequently,
nitrogen gas bubbling was conducted for 1 hour to remove
oxygen so that the interior of the reaction system was purged
with nitrogen, and the reaction system was maintained at 62°
C. Into the reaction system, 0.03 g of azobisisobutyronitrile
was charged as a polymerization initiator under stirring, fol-
lowed by a reaction at 62° C. for 8 hours to obtain a (meth)
acrylic copolymer as a base polymer.

Examples 1 to 8

With 100 parts by weight of the (meth)acrylic copolymer
obtained 1n Synthesis Example 9, a trimethylolpropane-
tolylene diisocyanate adduct (TDI) as a crosslinking agent
and the silane coupling agent obtained 1n Synthesis Example
1 were mixed 1n accordance with the corresponding formula
shown in Table 1 to obtain a pressure-sensitive adhesive com-
position. Using the silane coupling agents obtained 1n Syn-
thesis Examples 2 to 8, pressure-sensitive adhesive composi-
tions were likewise obtamned in accordance with the
corresponding formulas shown 1n Table 1, respectively.

The thus-obtained pressure-sensitive adhesive composi-
tions were separately coated on release paper sheets, and were
then dried to obtain uniform pressure-sensitive adhesive lay-
ers of 25 um. The pressure-sensitive adhesive layers prepared
as described above were bonded on 10dine-based polarizers of
185 um thickness, respectively. The thus-obtained polarizers
were then cutinto suitable sizes for use in various evaluations.

The thus-produced test pieces of the respective polarizers
were evaluated for durability, glass adhesion properties,
rework capability, and vanations in adhesive force under high
temperature or high temperature and high humidity condi-
tions 1n accordance with the evaluation testing methods to be

described subsequently herein. The evaluation results are
shown 1n Tables 2 to 4.

Comparative Examples 1 to 3

Following a similar procedure and formulas as in the
above-described examples except that the silane coupling
agents B-1 to B-3 shown 1n Table 1 were used 1n place of the
silane coupling agents of the present invention, pressure-
sensitive adhesive compositions were produced, and a lami-
nation processing step was conducted. With respect to the
thus-obtained test pieces, similar evaluations were also per-

formed as 1n the examples. The evaluation results are shown
in Tables 2 to 4.

It 1s to be noted that the abbreviations in Table 1 have the
following meanings:

n-BA: n-butyl acrylate
AA: acrylic acid
2-HEMA: 2-hydroxyethyl methacrylate

TDI: tolylene diisocyanate adduct of trimethylolpropane,
crosslinking agent
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Silane A-1: Compound of Synthesis Example 1

O

| u Il m
(Et0),Si—(CH,);—N—C—N

»

Silane A-2: Compound of Synthesis Example 2

O

(EtO)le—(CHz)3—N—C—N4<\ )

Silane A-3: Compound of Synthesis Example 3

O

(EtO)38i—— (CHy);3 N—C

—~(]

Silane A-4: Compound of Synthesis Example 4

O

(EtO)gSl—(CH2)3—N—C— —</ j

Silane A-5: Compound of Synthesis Example 5

O

(EtO)gSl—(CH2)3—N—C—N4</

Parts by weight

Formula Copolymer

composition

Crosslinking
agent
Silanes

26

Silane A-6: Compound of Synthesis

Example 6

(8) (13)
5 O
O
g
(Ft0)38i—(CH,);—N—C—0—N
10 O
Silane A-7: Compound of Synthesis Example 7
()
15
(14)
O
O
H o N
(BtO);Si— (CH,3;— N—C—O—N
20 /
O
(10)
,- Silane A-8: Compound of Synthesis Example 8
(15)
O
O
S g | H
(Et0);Si—— (CH,);—N—C—0—C —N
11
(11) &
35
Silane B-1:
O
40
(EtO)3Sl—(CH2)3—N—C— \
(12)
45 Silane B-2: y-glycidoxypropyltrimethoxysilane
(“KBM-403,” product of Shin-Etsu Chemical Co., Ltd.)
Silane B-3: v-1socyanatopropyltriethoxysilane
(“KBE-9007,” product of Shin-Etsu Chemical Co., Ltd.)
TABLE 1
Comparative
Example Example
1 2 3 4 S 6 7 8 1 2 3
n-BA OR.1 981 981 981 981 981 981 981 981 981 09&.1
AA 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
2- 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3 1.3
HEMA
TDI 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
A-1 1 0 0 0 0 0 0 0 0 0 0
A-2 0 1 0 0 0 0 0 0 0 0 0
A-3 0 0 1 0 0 0 0 0 0 0 0
A-4 0 0 0 1 0 0 0 0 0 0 0
A-5 0 0 0 0 1 0 0 0 0 0 0
A-6 0 0 0 0 0 1 0 0 0 0 0
A-7 0 0 0 0 0 0 1 0 0 0 0
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TABLE 1-continued
Comparative
Example Example
Parts by weight 1 2 3 4 5 6 7 8 1 2 3
A-8 0 0 0 0 0 0 0 1 0 0 0
B-1 0 0 0 0 0 0 0 0 1 0 0
B-2 0 0 0 0 0 0 0 0 0 1 0
B-3 0 0 0 0 0 0 0 0 0 0 1

Evaluation Tests
| Durability]

The durability of each polarizer was evaluated as will be
described hereinaiter. Two of the test pieces of the polarizer
having the adhesive layer (90 mmx170 mm) were bonded on
opposite sides of a glass substrate (110 mx190 mmx0.7 mm)
in such a way that the optical absorption axes of the two test
pieces cross over each other, whereby a laminate sample was
prepared. The pressure applied upon bonding was approxi-
mately 5 kef/cm?®, and the work was conducted in a clean
room to avoid bubbles or dust particles. The above procedure
was repeated to prepare other laminate samples.

To evaluate the moisture and heat resistance of those test
pieces, the laminate samples were left over for 1,000 hours
under the conditions of 60° C./90% RH, and then observed
whether bubbles or separation had been developed. To evalu-
ate the heat resistance of those test pieces, on the other hand,
the laminate samples were left over for 1,000 hours under the
conditions of 80° C./30% RH, and then observed for any
bubbles or separation. It 1s to be noted that before the respec-
tive evaluations of the laminate samples, they were allowed to
stand at room temperature (25° C.) for 24 hours. The results
are shown 1n Table 2.

The following standards were employed for the evaluation
of durability.

A: Neither bubbles nor separation occurred.

B: Bubbles and separation occurred slightly.

C: Bubbles and separation occurred significantly.

| Glass Adhesion Properties, and Variations in Adhesive Force
Under High Temperature or High Temperature and High
Humidity Conditions]

(lass adhesion properties and variations in adhesive force
under high temperature or high temperature and high humid-
ity conditions of each polarizer were evaluated as will be
described hereinatiter. After two of the test pieces of the polar-
izer having the adhesive layer were aged for 7 days at room
temperature (23° C./60% RH), the test pieces were cut nto
equal sizes of 1 1nchx6 inches. Using a 2-kg rubber roller, the
test pieces were bonded onto alkali-free glass substrates of
0.7 mm thickness, respectively, to prepare laminate samples.
Upon an elapsed time of 1 hour after being stored at room
temperature, the laminate samples were measured for 1nitial
adhesive force. The laminate samples were then aged at 50°
C. for 4 hours, and subsequent to storage at room temperature
for 1 hour, 1ts adhesive force was measured. The results are
shown 1n Table 2.

To determine the degrees of increases in adhesive force
under high temperature conditions and high temperature and
high humidity conditions, laminate samples prepared by a
similar procedure as described above were aged separately
under conditions of 60° C./30% RH and conditions of 60°
C./90% RH for respective times. Subsequent to the aging,
cach laminate sample was allowed to cool down at room
temperature for 1 hour, and its adhesive force was then mea-

sured. The results are shown 1n Tables 3 and 4. For the mea-
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surement of the adhesive force, a tensile testing machine was
used, and peeling strength was measured at a peeling rate of

300 mm/min and an angle of 180°.
|[Rework Capability]

The rework capability of each polarizer was evaluated as
will be described hereinafter. The test piece of the polarizer
having the adhesive layer (90 mmx170 mm) was bonded on a
glass substrate (110 mmx190 mmx0.7 mm) to prepare a
laminate sample. After an elapsed time of 1 hour at room
temperature mnitial bonding was measured, and the laminate
sample was aged at 50° C. for 4 hours. After the laminate
sample was allowed to cool down at room temperature for 1
hour, the test piece was peeled off from the glass substrate.
The results are shown 1n Table 2.

The following standards were employed for the evaluation
of rework capability.

A: Easy to separate.
B: A little hard to separate.

C: Impossible to separate, or glass substrate 1s broken.

—

The following Tables 2 to 4 summarize the evaluation
results of the polarizers on which the pressure-sensitive adhe-
stve compositions of the examples and comparative examples
were applied, for durability, glass adhesion force, rework
capability and varnations in adhesive force under high tem-
perature and under high temperature and high humidity as
obtained 1n accordance with the above-described evaluation
methods.

TABLE 2
(Glass adhesion Durability/
force (gi/in) reliability
Initial 60° C.,  80°C.,
adhesive  50°C. 90% RH 30% RH  Rework
force 4 hr 1000 hr 1000 hr  capability
Example 1 380 650 A A A
2 390 780 A A A
3 400 770 A A A
4 390 810 A A A
5 380 840 A A A
6 430 820 A A A
7 380 950 A A A
8 370 880 A A A
Compar- 1 380 530 A B A
ative 2 1000 1500 B A C
Example 3 320 350 B B C
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TABLE 3

Variations in glass adhesion force (ef/in) under high temperature

30

Holding Comparative
conditions Example Example
60° C., 30% RH 1 2 3 4 5 6 7 8 1 2 3
[nitial 380 390 400 390 380 430 380 370 380 1000 320
2 hours 510 600 530 680 670 670 710 680 450 1300 3RO
6 hours 650 7RO 770 810 R40 820 950 RRO 490 1970 410
1 day 810 900 K70 920 950 920 1000 960 570 2000 530
3 days 1300 1350 1340 1420 1400 1450 1580 1400 1060 2760 780
6 days 2120 2200 2180 2290 2300 2380 2450 2400 1660 3870 800
10 days 2700 2760 2810 2930 2950 3010 3100 2990 2240 4060 790
15 days 3040 3110 3170 3290 3310 3360 3480 3450 2600 4120 850
20 days 3040 3120 3190 3290 3330 3380 3510 3460 2650 4860 900
TABLE 4

Variations in glass adhesion force (gf/in) under high temperature and high humidity

Holding

conditions Example

60° C., 90% RH 1 2 3 4 5 6 7 8

[nitial 380 390 400 390 380 430 380 370
2 hours 500 580 550 620 600 630 700 600
6 hours 670 730 720 750  RRO 840 1000  R10
1 day R0 920  R70 920 1040 930 1050 920
3 days 1360 1410 1380 1450 1430 1480 1620 1430
6 days 2110 2190 2150 2240 2280 2350 2430 2350

10 days 2680 2730 2770 2880 2900 2990 3060 3000

15 days 3030 3090 3140 3250 3200 3310 3410 3380

20 days 3050 3100 3160 3250 3210 3330 3440 3390

The above-described results substantiate that the pressure-
sensitive adhesive composition according to the present
invention 1s excellent 1 mitial rework capability, and after
exposure to high temperature or high temperature and high
humidity, can develop sufficient adhesive force of excellent
long-term durability with glass.

Japanese Patent Application No. 2008-227777 1s incorpo-
rated herein by reference.

Although some preferred embodiments have been
described, many modifications and variations may be made
thereto 1n light of the above teachings. It 1s therefore to be
understood that the mvention may be practiced otherwise
than as specifically described without departing from the
scope of the appended claims.

The mvention claimed 1s:
1. A pressure-sensitive adhesive composition comprising
an organosilicon compound represented by the following for-

mula (2):

(2)
R4
R'3 m X RS

N
Tl /
R, —S1—A—N—C—/—(CH,),
Rﬁ
M

R?

wherein R 1s a hydrolyzable group, R' 1s an alkyl group having
1 to 4 carbon atoms, A 1s a linear or branched alkylene group
having 1 to 6 carbon atoms, X 1s an oxygen atom or sulfur
atom, 7 1s —INH—, an oxygen atom or a sulfur atom, M 1s
— NH—, an oxygen atom or a sulfur atom, R* to R” are each

Comparative
Example
1 2 3
380 1000 320
430 1500 330
500 2000 400
650 2540 440
1000 2670 450
1630 4000 460
2120 4250 360
2200 4860 390
2600 4960 480
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40

45

50
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60

65

independently a hydrogen atom, an alkyl, alkoxy or fluoro-
alkyl group having 1 to 6 carbon atoms, or an amino group, R’
and R® may directly bond together to form a double bond
between the carbon atoms to which they are bonded, R* and
R’ may bond together to form an aliphatic or aromatic ring
skeleton together with the carbon atoms to which they are
bonded, m 1s an mteger of 1 to 3, and n 1s an integer of 0 to 3.

2. The pressure-sensitive adhesive composition according,
to claim 1, comprising:

(A) 100 parts by weight of a (meth) acrylic copolymer
obtainable by copolymerizing (a) 90 to 99.9 parts by
welght of a (meth)acrylate ester monomer having an
alkyl group having 1 to 12 carbon atoms and (b) 0.1 to 10
parts by weight of at least one of a vinyl monomer and
(meth) acrylic monomer each of which contains a
crosslinkable functional group,

(B) 0.01 to 10 parts by weight of a polylunctional
crosslinking agent, and

(C) 0.01 to 9 parts by weight of the organosilicon com-
pound according to claim 1.

3. The pressure-sensitive adhesive composition according,
to claam 2, wherein at least one of the vinyl monomer and
(meth) acrylic monomer (b) 1s selected from a group consist-
ing of 2-hydroxyethyl (meth)acrylate, 3-hydroxpropyl
(meth)acrylate, 4-hydroxybutyl (meth)acrylate, diethylene
glycol mono (meth)acrylate, dipropylene glycol mono (meth)
acrylate, (meth) acryloxypropyltrimethoxysilane, (meth)
acryloxypropyltriethoxysilane, (meth) acryloxpropylmeth-
yldimethoxysilane, (meth) acryloxypropylmethyldiethoxy-
silane, (meth) acryloxymethyltrimethoxysilane, (meth) acry-
loxymethyltriethoxysilane, (meth)
acryloxymethylmethyldimethoxysilane, (meth) acryloxym-
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cthylmethyldiethoxysilane, (meth) acrylic acid, (meth)
acrylic acid dimmer, 1taconic acid, maleic acid, and maleic
acid anhydride.

4. The pressure-sensitive adhesive composition according,
to claim 2, wherein the polytunctional crosslinking agent (B) 5
1s at least one crosslinking agent selected from a group con-
s1sting of 1socyanate compounds, epoxy compounds, aziri-
dine compounds and metal chelate compounds.

5. The pressure-sensitive adhesive composition according,
to claim 1, which 1s cured 1nto a product having a crosslink 10
density of 5 to 95 wt %.

¥ ¥ # ¥ o

32



	Front Page
	Drawings
	Specification
	Claims

